Utilizing the conventional surface mounting technology and being able to treat on the same manner as the common package, let CSP become the core technology of the high density packaging, with letting the area of the surface mounting be small. In addition, the use of build-up boards for mounting CSP packages has been tried. However, the reliability of the solder connection depends on the structure of the package, the motherboard, and the material properties1) •`3) for the nonlinear numerical analysis, is reported, for solder joints which are very small compared to the whole structure. On these results, this FEM model is applied into the reliability assessment of MCM with the evaluation of the warpage and Encapsulant volume. The verification of the numerical analysis results using tests on the actual hardware is also shown, and the accuracy of this numerical analysis is confirmed. Finally, the most reliable and economic design is reported.
CSP Mounting on Build-up Board
Build-up boards improve the design capability because they increase the wiring density by the placement of the vias on the pads for mounting the CSP package. And, the placement of the via on the RFP(Resin Filled PTH(Pin Through Hole)) makes it easier to do the In/Out fan-out on a PWB(Printed Wiring Board) when mounting 0.8mm
and/or 0.5mm pad pitch CSP packages.
However, the more fine the pitch of the CSP package and the use of ceramic CSP package, the more difficult it is to maintain and/or improve the reliability of the solder connection.
Especially, in use of the ceramic as the interposer and
LGA(Land Grid Array) connection, the difference of the coefficient of thermal expansion between ceramic interposer and build-up board(ceramic 6.5ppm, build-up board 18ppm), causes the large strain into the solder, and repeats the plastic displacement by the thermal cycle stress. The accumulation of this strain causes the fatigue fracture, and finally crack of the solder.
Via on RFP structure is indispensable to improve the wiring density of build-up board and mount the fine pitch CSP package. On the other hand, the base FR4 PWB structure and the board thickness depend on the specification of the final product needs. Therefore, the specification of the board which CSP package is mounted, especially the part of solder connection, should be studied in detail.
On this purpose, in order to obtain the most reliable design to improve the solder connection reliability of the CSP package mounted on the build-up board, the parameter study are performed for 5. parameters, shown below, which are thought to control that reliability, in the actually applicable range. Secondly, the solder is located each at one horizontal rough element unit. It is able to accomplish the numerical analysis by using the solder elements, which were modeled with the detail elements, for each solder. However, using this approach, the number of total elements expands so much, and then long simulation time is needed. The value we need is the strain value of the solder that receives the biggest stress. Therefore, the merit of the rough element size should be utilized.
However, if each solder is modeled by one horizontal rough element unit with the volume ratio method of a solder and air, the stress transfer and shear are happened among each elements. On the actual hardware, a solder displacement does not influence directly the next solder because the air exists between a solder and the next one.
And this air has no restriction to move into or out from this CSP package. Consequently, it is difficult to simulate the actual phenomenon with this model. Therefore, in rough elements, 4 solders joints were represented by one solid rough element brick with one horizontal rough element unit, shown in Figure 5 , except the solder which receives the biggest stress and/or strain. This element is surrounded by the elements that have the material property of air. With this method, the existence of air could be modeled, and besides, the merit of the rough element could be utilized.
As the boundary condition, only the bottom, in the direction of board thickness (y direction), of center of 1/4 model was clamped. Regarding the other nodes on this axis, only the y direction translation was free. As to the remained nodes located at sections, it was applied, based on the build-up board elasticity and twist toward the direction of board thickness.
Nonlinear Analysis Method
Thirdly, a temperature cycle stress between 80 degree C and -40 degree C was applied, shown in Figure 6 . The stress-strain curve of the solder that receives the biggest stress, which got as the result by numerical analysis on this temperature cycle stress, is shown in Figure 7 . The strain does not change after 2 cycles. Therefore, this value should be the accurate one to be adopted. However, it was found that this accurate value was equal to 1.067 times of the result by first cycle. Therefore, this method was taken to reduce the analysis time, to almost one third. The numerical analysis modeling is shown in Figure 19 and the material properties to be used are given in Table 3 .
In rough elements, the volume ratio method is also applied. The boundary condition is applied on the same viewpoint of CSP analysis.
Base FR4 PWB Thickness
In this analysis, the condition of the fillet volume of the Encapsulant is fixed on 5/5. The numerical analysis result is shown in Figure 20 for the solder strain value and in Figure 21 for warpage.
As to the solder strain, the bigger base FR4 thickness models show the bigger strains as well as the above CSP analysis. It is simply thought increasing the base FR4 PWB thickness means increasing the hardness as the whole Figure   22 for the solder strain value and in Figure  23 for warpage. Encapsulant fillet or more, the big variation of the solder strain is not shown.
Conclusion
In this analysis, 1) On the solder nonlinear material properties, the high accurate numerical analysis was established on the short analysis time, with the compact modeling, using the volume ratio method, the unique solder modeling method, one cycle estimation method on hysterisis curve, the simplification of the contact analysis, and solution time interval modification, respectively
2) The estimation of the connectivity reliability for the CSP package became available with the solder plastic strain simulated by this nonlinear FEM.
3) The most reliable design for the CSP package was found.
4)
With application to MCM, the warpage and the influence of the Encapsulant fillet volume were assessed.
The pitch of the CSP and/or FCA package solder joints is expected to get much smaller. This means that it has higher risk of decreasing the reliability of the solder connectivity.
We believe the FEM model, which has been established this time, can be utilized in the development of new products.
